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ABSTRACT
Our understanding of the redshift z > 3 galaxy population relies largely on samples selected using
the popular “dropout” technique, typically consisting of UV-bright galaxies with blue colors and
prominent Lyman breaks. As it is currently unknown if these galaxies are representative of the massive
galaxy population, we here use the FourStar Galaxy Evolution (ZFOURGE) Survey to create a stellar
mass-limited sample at z = 3− 4. Uniquely, ZFOURGE uses deep near-infrared medium-bandwidth
filters to derive accurate photometric redshifts and stellar population properties. The mass-complete
sample consists of 57 galaxies with log M > 10.6, reaching below M? at z = 3− 4.
On average, the massive z = 3− 4 galaxies are extremely faint in the observed optical with median
RABtot = 27.48± 0.41 (restframe M1700 = −18.05± 0.37). They lie far below the UV luminosity-stellar
mass relation for Lyman break galaxies and are about ∼ 100× fainter at the same mass. The massive
galaxies are red (R − KsAB = 3.9 ± 0.2; restframe UV-slope β = −0.2 ± 0.3) likely from dust or
old stellar ages. We classify the galaxy SEDs by their restframe U -V and V -J colors and find a
diverse population: 46+6+10−6−17% of the massive galaxies are quiescent, 40
+6+7
−6−5% are dusty star-forming
galaxies, and only 14+3+10−3−4 % resemble luminous blue star forming Lyman break galaxies. This study
clearly demonstrates an inherent diversity among massive galaxies at higher redshift than previously
known. Furthermore, we uncover a reservoir of dusty star-forming galaxies with 4× lower specific star-
formation rates compared to submillimeter-selected starbursts at z > 3. With 5× higher numbers, the
dusty galaxies may represent a more typical mode of star formation compared to submillimeter-bright
starbursts.
Subject headings: galaxies: evolution — galaxies: high-redshift
1. INTRODUCTION
To date, typical galaxy population studies at z > 3 uti-
lized the “dropout” technique to efficiently identify high-
redshift galaxies with steep Lyman breaks (e.g. Steidel
et al. 2000). While this technique has been used suc-
cessfully to push our understanding of galaxies out to
z ∼ 10 − 12 (Bouwens et al. 2011; Ellis et al. 2013; Coe
et al. 2013), the results that can be drawn from these
studies apply only to the subset of restframe UV-bright
star-forming galaxies with prominent Lyman breaks and
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are not necessarily applicable to the general galaxy pop-
ulation at z > 3 (e.g. Cooke et al. 2014; Wyithe et al.
2013). It is therefore unclear how dropout galaxies re-
late to other galaxies at z > 3, including submillimeter
(Smail et al. 2002; Chapman et al. 2005) and quiescent
galaxies (e.g. Straatman et al. 2014).
To advance our understanding of galaxies at redshifts
z > 3, a complete census of massive galaxies must ob-
tained. A broad range of spectral features must therefore
be available to determine photometric redshifts (e.g. the
Lyman, Balmer, 4000 A˚ breaks, 1.6 µm “bump”). This
ensures the identification is not limited to any particular
spectral feature.
Key to conducting a full galaxy census is to observe
redward of the Balmer/4000 A˚ breaks, which is necessary
for identifying galaxies with low levels of star formation
and/or significant dust content. Unfortunately, these
spectral breaks fall into the observed near-infrared, which
is a very challenging observational regime for ground-
based, small area near-infrared cameras.
Broadband infrared imaging has enabled some progress
(e.g. Chen & Marzke 2004; Wiklind et al. 2008; Fontana
et al. 2009; Mancini et al. 2009). More recently, wide
area but relatively shallow near-IR imaging allowed the
first characterization of the massive galaxy population
at z = 3− 4 (Marchesini et al. 2010; Caputi et al. 2012;
Ilbert et al. 2013; Muzzin et al. 2013; Stefanon et al.
2013). These studies have shown that this population is
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Figure 1. Observed magnitude versus stellar mass of our ZFOURGE z = 3 − 4 galaxy sample. Colored points are in our mass-limited
sample, while the black points are all Ks-selected z = 3 − 4 galaxies. Colors reflect subgroups within the restframe UV J color-color
parameter space, as shown in Fig. 2. At observed R-band (3σ limits shown), the massive galaxies in our sample are significantly fainter
(median Rtot = 27.48 ± 0.41) than the lower-mass ZFOURGE galaxies (Rtot = 25.63 ± 0.02), while at Ks-band the mass-limited sample
is more luminous. Error bars along the top reflect the median uncertainties on the measured quantities for our mass-limited sample.
not just made up of Lyman break galaxies, but includes
many dusty and quiescent galaxies as well.
In this Letter, we put this result on solid footing,
using much deeper near-IR data that allows us to ex-
tend to lower masses (below M? at z = 3) and ac-
cess “normal” galaxies. We utilize new deep observa-
tions from the FourStar Galaxy Evolution (ZFOURGE)
survey12 (Labbe´ et al., in prep.), which include near-
infrared medium-bands that allows us to precisely sam-
ple the SEDs and obtain improved photometric redshifts
and stellar population estimates.
In the following we adopt the AB magnitude system
and a cosmology with H0 = 70 km s
−1 Mpc−1, Ωm = 0.3,
and ΩΛ = 0.7. Scatter on quantities are from bootstrap
analysis.
2. OBSERVATIONS AND DATA
The ZFOURGE survey targets 3 legacy fields (CDFS,
COSMOS, UDS, Giacconi et al. 2002; Scoville et al. 2007;
Lawrence et al. 2007) with the near-infrared FourStar
camera (Persson et al. 2013) on the 6.5m Magellan Baade
Telescope. In each field we obtained a single ∼ 11′ × 11′
pointing with 5 medium-band filters (J1, J2, J3, Hs, Hl)
and the Ks filter. Mean limiting 5σ point-source depths
are 25.9, 25.2, and 25.2 mag. in the J-bands (FWHM
∼ 0.50′′), H-bands (0.50′′) and Ks-band (0.45′′). Raw
images were processed using our custom pipeline adapted
from the one used in the NEWFIRM Medium Band Sur-
vey (Whitaker et al. 2011).
SExtractor (Bertin & Arnouts 1996) was used to de-
tect objects in the Ks−image and to extract aperture
fluxes from PSF-matched versions of the ZFOURGE
and other public imaging covering 0.3 − 8µm. This
12 \protecthttp://zfourge.tamu.edu
includes public CANDELS imaging (Koekemoer et al.
2011; Grogin et al. 2011). The image quality of the
Spitzer IRAC+MIPS bands are significantly lower, hence
photometry was first deblended using the techniques of
Labbe´ et al. (2006) following the prescription detailed in
Whitaker et al. (2011). Our photometric methods are
outlined in Tomczak et al. (2014) and a full description
of the ZFOURGE catalogs will be provided in Straatman
et al., (in prep.).
Photometric redshifts and restframe colors are from
EAZY (Brammer et al. 2008). Restframe color uncertain-
ties for individual objects were derived by propagating
the full redshift probability distribution in the calcula-
tion of the rest-frame color.
Stellar populations were constrained using the Bruzual
& Charlot (2003) models fitted with FAST (Kriek et al.
2009), assuming exponentially declining star-formation
histories (SFR ∼ exp[−t/τ ], with τ allowing to vary over
log [τ/yr] = 7 − 11) , Solar metallicity, a Calzetti et al.
(2000) dust extinction law (with AV = 0 − 4) and a
Chabrier (2003) initial mass function.
Star-formation rates (SFRs) were computed using rest-
frame UV luminosity computed from the best-fit EAZY
templates plus the observed 24 µm fluxes. Galaxies not
detected at 24 µm have SFRs that only reflect contribu-
tion from the UV. We note the 24 µm-based SFRs could
suffer systematic uncertainties due to poorly constrained
infrared SFR models at restframe ∼ 5 µm.
In this work, we use three observables to look for signs
of active galactic nuclei (AGN): (1) X-ray source catalogs
(Ueda et al. 2008; Civano et al. 2012; Xue et al. 2011), (2)
deep radio source catalogs (Schinnerer et al. 2010; Miller
et al. 2013), and (3) excess observed flux at 8 µm (3σ
above the best-fit EAZY spectral model; e.g. see middle
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Table 1
Median properties of mass-selected galaxies at 3 ≤ z < 4
subgroupa log M Kstot Rtot U -V V -J βb,c,e M1700b,e
N fraction zphot (M) (AB) (AB) restframe restframe UV slope (AB)
all 57 · · · 3.34 10.83± 0.04 23.32± 0.14 27.48± 0.41 1.54± 0.04 1.20± 0.11 −0.2± 0.3 −18.05± 0.37
σ = 0.25 σ = 0.59 σ = 1.4 σ = 1.92
quiescent 26 0.46+0.06+0.10−0.06−0.17 3.52 10.86± 0.06 23.12± 0.16 27.25± 0.52 1.61± 0.09 0.85± 0.07 −0.3± 0.5 −19.43± 0.64
σ = 0.29 σ = 0.23 σ = 1.5 σ = 1.59
star-forming 31 0.54+0.08+0.17−0.08−0.10 3.22 10.83± 0.04 23.49± 0.21 27.65± 0.65 1.45± 0.08 1.54± 0.08 −0.2± 0.4 −18.01± 0.49
(SF) σ = 0.33 σ = 0.35 σ = 1.4 σ = 1.25
non-dusty SF 8 0.14+0.03+0.10−0.03−0.04 3.21 10.66± 0.08 22.92± 0.41 25.36± 0.57 1.07± 0.05 0.80± 0.16 −0.6± 0.3 −20.53± 0.28
σ = 0.11 σ = 0.37 σ = 0.6 σ = 0.40
dusty SF 23 0.40+0.06+0.07−0.06−0.05 3.23 10.86± 0.04 23.78± 0.20 28.17± 0.29 1.56± 0.06 1.65± 0.06 0.6± 0.6 −17.83± 0.17
σ = 0.18 σ = 0.19 σ = 1.0 σ = 0.68
n nd SFRb sSFRb log ρSFR
b,e log ρ∗
(arcmin−2) (10−5 Mpc−3) (Myr−1) (Gyr−1) (Myr−1 Mpc−3) (M Mpc−3) AGN %d
all 0.144 5.1± 0.7 51± 51 0.78± 0.62 -2.32 6.59 21± 7
quiescent 0.066 2.3± 0.6 10± 3 0.16± 0.03 -3.64 6.27 23± 10
all SF 0.078 2.8± 0.5 181± 59 2.61± 0.70 -2.34 6.30 19± 9
non-dusty SF 0.020 0.7± 0.3 106± 69 1.77± 0.85 -3.18 5.66 25± 20
dusty SF 0.058 2.1± 0.5 188± 77 3.00± 0.79 -2.41 6.19 17± 9
Uncertainties are from a bootstrap analysis, unless indicated otherwise. Dispersions around the median (σ) on quantities
are normalized median absolute deviations. Chabrier (2003) IMF assumed for M and SFRs. SFRs are based on UV
luminosity and MIPS 24 µm fluxes.
a Statistical and systematic errors, respectively.
b Excluding galaxies with potential AGN.
c From fitting to best-fit EAZY templates over 1300-1900 A˚.
d Errors reflect Poisson uncertainties.
e Quiescent galaxies with MIPS detections were excluded.
top SED in Fig. 3) plausibly due to hot dust around an
AGN. If a galaxy shows any one of these signs it was
flagged as a potential AGN. All suspected AGN were
excluded from SFR and UV luminosity analysis in this
Letter.
3. THE SAMPLE
We constructed a stellar mass limited sample by se-
lecting objects with > 5σ detections in the Ks-band,
medium-band photometric redshifts z = 3− 4, and stel-
lar masses log M> 10.6. Straatman et al. (2014) esti-
mate the ZFOURGE survey to be complete to this mass
limit at z . 4 for single age burst BC03 stellar popula-
tions models formed at z = 10. We were careful to guard
against lower-redshift dusty galaxies with uncertain pho-
tometric redshifts scattering into our sample (e.g. Dun-
lop et al. 2007). We therefore exclude 14 galaxies that
have a photometric redshift solution z < 3, when fitted
with an extended template including an old stellar pop-
ulation model with large dust attenuation (e.g. March-
esini et al. 2010).
Our final mass-limited sample at z = 3− 4 contains 57
galaxies (0.14 galaxies arcmin−2), about 5% of the full
z = 3 − 4 sample (3.0 galaxies arcmin−2). The basic
properties of our mass-limited sample are provided in
Table 1.
As shown in the mass-magnitude plots in Fig. 1, at ob-
served visible magnitudes the mass-limited sample (me-
dian Rtot = 27.48 ± 0.41) is exceedingly faint, fainter
even than lower mass ZFOURGE galaxies at z = 3 − 4
(Rtot = 25.63± 0.02). In Ks, the mass-limited sample is
relatively bright (median Kstot = 23.32±0.14), implying
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Figure 2. Restframe U -V versus V -J plot for our mass-limited
ZFOURGE sample at z = 3 − 4. Following previous work (e.g.
Wuyts et al. 2007), we use this information to classify our sample
into quiescent and star-forming galaxies, as indicated by the solid-
line boundaries. Given the diverse range of restframe colors shown
in our sample, we divide the star-forming population into a dusty
and non-dusty subgroup, as indicated by the dashed line.
the sample is much redder (median R−K = 3.87±0.19)
than a typical low-mass Ks-selected galaxy at z = 3− 4
(median R−K = 1.38± 0.02).
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Another interesting feature of our mass-limited sample
is its intrinsically large spread (& 1.5 mag.) in restframe
U -V and V -J colors (see Fig. 2). This range is similar
to that reported at lower redshifts (e.g. Whitaker et al.
2011) and indicates our sample contains a diverse range
of SED shapes.
4. THE DIVERSE PROPERTIES OF Z = 3− 4 MASSIVE
GALAXIES
The large spread in restframe colors prompted us to
classify the galaxies based on their restframe colors, fol-
lowing work performed at lower redshift (e.g. Wuyts
et al. 2007). As shown in Whitaker et al. (2011) galaxies
can be divided into two distinct populations at least out
to z ∼ 2.5: a quiescent population (red region in Fig. 2)
and a star-forming population.
The fractions of quiescent and star-forming galaxies
are 0.46+0.06+0.10−0.06−0.17 and 0.54
+0.08+0.17
−0.08−0.10 with the two er-
ror bars reflecting random and systematic errors respec-
tively. The fractions and random uncertainties were
calculated by first perturbing the rest-frame colors by
their uncertainties and bootstrapping the distribution
106 times. The systematic uncertainties accounts for
possible systematics in the rest-frame colors and were
obtained by moving UV J color boundary by ±0.1 mag.
(e.g. Muzzin et al. 2013).
We derived a quiescent fraction independent of the esti-
mated restframe UV J colors by quantifying the fraction
of galaxies with low sSFRs. If we define quiescent galax-
ies to have sSFR < 0.3 Gyr−1 (see Fig. 4), we derive an
alternative quiescent fraction, 0.42 ± 0.10, which agrees
with that derived using UV J colors.
We further split the sample into star-forming sub-
groups containing low and high dust content around
AV ∼ 1.6. We find that redder restframe V -J color cor-
relate with larger dust content and a limit of V -J = 1.2
roughly corresponds to a division13 around AV ∼ 1.6 (for
constant star-formation rate models and age < 1 Gyr).
Henceforth, we refer to the blue (restframe V -J < 1.2)
star-forming galaxies as relatively unobscured and red
(restframe V -J > 1.2) star-forming galaxies as dusty.
Traditional Lyman break samples generally do not show
higher AV values, presumably due to reduced selection
efficiency of redder galaxies (e.g. Papovich et al. 2001).
The unobscured and dusty star-forming subgroup frac-
tions are: 0.14+0.03+0.10−0.03−0.04, and 0.40
+0.06+0.07
−0.06−0.05, respectively.
Some example SED fits for each galaxy subgroup are
given in Fig. 3. We review subgroups properties here:
• Quiescent galaxies (red in all figures) make up
26/57 of our sample and their SEDs (see Fig. 3)
have sharp Balmer breaks, indicating the stellar
populations are dominated by old stars and sup-
pressed star-formation rates (e.g. Straatman et al.
2014). Fig. 2 shows that the majority (20/26) of
our quiescent population are not detected at 24 µm
and therefore have low SFR values, with a me-
dian sSFR of 0.14 ± 0.03 Gyr−1 for 24 µm non-
detections. Their median age is 1.0± 0.1× 109 yr,
which is longer than their median τ of 1.6± 0.4×
13 The 3 galaxy classifications are defined using the following
vertices: (V -J , U -V )=(−∞,1.3), (0.85,1.3), (1.2, 1.6), (1.6,1.95),
(1.6,+∞)
108 yr, indicating that these galaxies do not contain
sizable young stellar populations.
A small fraction (6/26) of the quiescent galaxies
have MIPS detections and high implied SFRs. This
is surprising given the old ages implied by their
SEDs. Three of the MIPS detected sources show
signs of AGN, which may explain the MIPS fluxes.
The remaining 3 fall near the UV J boundary be-
tween dusty star-forming and quiescent galaxies
and might have scattered into the quiescent region.
• The entire star-forming population shows a
median SFR of 180 ± 60 and a sSFR of 2.7 ± 0.7.
The median AV is 1.7±0.3, so the average massive
star-forming galaxy is dusty (see Fig. 2).
– Star-forming galaxies with little dust
(AV = 1.0±0.1; blue in all figures) only make
up 8/57 of our sample and show lower stellar
masses compared to the whole sample (me-
dian log M = 10.66±0.08 M). Their median
SFR is 110± 70 Myr−1 and they have a me-
dian sSFR of 2.0 ± 0.9 Gyr−1. With median
UV luminosities of M1700 = −20.53 ± 0.28,
they are ∼ 5 mag. fainter than UV-luminous
B−dropout galaxies in the UV (Lee et al.
2011) as shown in Fig. 4.
– The dusty, star-forming galaxies (orange
in all figures) constitute 23/57 of our sam-
ple and show a roughly similar M distribution
to the quiescent population (see Table 1 and
Fig. 1). As shown in the SFR plot of Fig. 4,
the dusty subgroup shows a median SFR of
190 ± 80 Myr−1. The median sSFR of this
subgroup is sSFR = 3.0 ± 0.8 Gyr−1. Rest-
frame optical fluxes appear to be significantly
obscured due to dust, with best-fit FAST AV
values ranging from ∼ 1 − 3 and a subgroup
median of AV = 2.0± 0.2.
5. COMPARISON TO HIGH-REDSHIFT SAMPLES
5.1. B−dropout samples
As most galaxy studies at z > 3 have relied on Lyman
break dropout selection techniques, we briefly compare
our mass-limited sample to B−dropout samples (e.g.
Giavalisco et al. 2004), which selects galaxies over a simi-
lar redshift range (e.g. 3.2 < z < 4.4, Oesch et al. 2013).
By integrating Lee et al. (2012) UV-selected stellar
mass functions to our mass limit, we estimate 20 ± 14
B435−dropout galaxies should be found in our fields.
This is lower than what we find, 57 ± 11 (errors Pois-
son plus field-to-field variance), but is more consistent
with our unobscured star-forming subgroup (8).
It has been suggested in previous works that UV lu-
minosity correlates with stellar mass (e.g. Lee et al.
2011). The existence of such a correlation would be im-
portant, as it implies we could use UV luminosity as a
proxy for stellar mass. However, as shown in Fig. 4, our
sample shows no such trend. On the contrary, galaxies
with log M> 10.6 have median M1700 = −18.05 ± 0.37,
are 2 mag fainter than log M= 10.0 galaxies, and are 5
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Figure 3. Example observed galaxy SEDs for each galaxy subgroup identified in Fig. 2: quiescent, star-forming, and dusty star-forming
from left to right. Spectra are the best-fit EAZY photometric redshift models, black points are from public imaging and cyan points are from
ZFOURGE imaging. Insets show the photometric redshift probability distributions from EAZY.
mag fainter than expected from the reported M−M1700
correlation for B−dropout (Lee et al. 2011).
In Fig. 4 the SEDs of our mass-limited galaxies are
compared to dropout galaxies (Lee et al. 2011; Oesch
et al. 2013). At the restframe UV, the ZFOURGE dusty
and quiescent SEDs are fainter than the faintest dropout
galaxies shown and rapidly rise in luminosity to brighter
magnitudes at longer wavelengths.
Overall we find that the SEDs of our mass-limited sam-
ple are much redder at both restframe UV and optical
compared to dropout galaxies at similar redshifts.
5.2. Sub-mm detected samples
How do our dusty galaxies relate to dusty starbursts
selected at submillimeter wavelengths? None of our
galaxies have a secure detection in public submillime-
ter catalogs (Aretxaga et al. 2011; Hodge et al. 2013).
This is perhaps not surprising given the 8× lower SFRs
(190 ± 80 Myr−1) and 5× higher surface number den-
sity (210± 40 deg.−2) compared to bright (F1.1mm & 4.2
mJy) SMGs at redshifts z = 3− 6 (Toft et al. 2014).
Fig. 4 provides a direct comparison between our sam-
ple and a z = 3 − 6 SMG compilation from Toft
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Figure 4. Left panel: Stellar mass versus UV luminosity for our mass-limited sample (colored points). Grey points are z = 3−4 low-mass
ZFOURGE galaxies. Median values are provided for each subgroup as shaded squares. The restframe UV luminosity of our mass-limited
sample is fainter than expected from a reported correlation of very luminous B-dropout galaxies (Lee et al. 2011). Center panel: Mass-SFR
plot with light green circles representing submillimeter galaxies compiled by Toft et al. (2014). These have 4× higher median specific SFRs
compared to dusty galaxies in our sample. Right panel: Observed stacked SEDs for the mass-limited z = 3− 4 ZFOURGE galaxies. Each
point reflects the median flux for each bandpass. Spectra are median stacked best-fit EAZY spectral templates after shifting to the median
redshift of each subgroup (see Table 1). These SEDs are compared to the Oesch et al. (2013) B435−dropout sample, whose stacked galaxy
SEDs (binned by Mz restframe) are best-fit by the templates shown in grey. Grey circles are stacked magnitudes from the more luminous
B−dropout galaxy sample (binned by I-band observed) of Lee et al. (2011).
et al. (2014). The median sSFR for the dusty galaxies
(sSFR= 3.0± 0.8 Gyr−1) is much lower than the SMGs
(11.7 ± 0.8 Gyr−1) at the same redshift, suggesting our
dusty galaxies are in a less extreme, more typical mode
of star-formation.
6. SUMMARY AND CONCLUSIONS
Using new data from the ZFOURGE survey we have
isolated a high-quality sample of 57 galaxies at z = 3−4.
Our sample is complete to a stellar mass of log M > 10.6
and provides the first census of M? galaxies at these red-
shifts. Our results benefit significantly from deep pho-
tometry in medium-band near-IR filters that yield robust
photometric redshifts and robust restframe colors.
Remarkably, the average massive galaxy is extremely
faint in the observed optical R = 27.48 ± 0.41 AB, and
very red. They are fainter in the rest-frame UV compared
to less massive galaxies and we find no evidence for a
relation between UV-luminosity and stellar mass.
We find strong evidence that the massive galaxy pop-
ulation at z = 3 − 4 spans a diverse range in stellar age
and dust content, as suggested by earlier shallower sur-
veys (e.g. Marchesini et al. 2010) and similar to massive
galaxies lower redshift (e.g. van Dokkum et al. 2006;
Muzzin et al. 2013). The quiescent fraction is very high
(46+6+10−6−17%) suggesting that quenching was already very
efficient at early times (see also Straatman et al. 2014).
The star forming galaxies (54+8+17−8−10% of the massive
sample) are on average rather dusty (AV ∼ 1.7 ± 0.3)
but span a large range in rest-frame colors. Subdivid-
ing star forming galaxies by their rest-frame V -J colors
in red “dusty” (40+6+7−6−5%) and blue “non-dusty” galax-
ies (14+3+10−3−4 %) shows that ∼ 86% of massive galaxies
at these redshifts are characterized by very red colors.
These colors are much redder than those of similarly mas-
sive Lyman break galaxies (Lee et al. 2011).
Dusty star-forming galaxies make up a significant por-
tion of our sample and dominate the star-forming galax-
ies (74%). Prior to our work, this type of galaxy has
not been securely selected at restframe optical because
with typical R ∼ 28 and Ks ∼ 24 magnitudes (see
Fig. 1) they are fainter than, or are just at the limits
of, previous Ks selected samples. Compared to typical
B−dropout galaxies, the massive dusty z = 3−4 galaxies
show higher SFRs (e.g. Smit et al. 2012), but contribute
only ∼ 10% to the total star formation rate density with
log (ρSFR/(Myr−1 Mpc−3)) = −2.41 (Bouwens et al.
2012).
It is well known that there exists a population of
dust obscured extreme star forming galaxies at high red-
shift, selected in the sub-millimeter (Smail et al. 2002).
These are thought to be the “tip of the iceberg” of dust-
obscured star forming galaxies. Here we uncover a reser-
voir of highly obscured star-forming galaxies with similar
stellar masses, but lower SFRs. Overall, massive dusty
galaxies have 4× lower specific star-formation rates and
are ∼ 5× more numerous compared to z > 3 submillime-
ter galaxies.
At face value, this would seem to suggest the dusty
galaxies are undergoing a more typical mode of massive
galaxy star-formation compared to the rare, extreme
star-bursts associated with submillimeter galaxies.
Future, deeper (sub)millimeter surveys with SCUBA2
and ALMA will provide direct evidence for the link
between these populations. Clearly, spectroscopic follow
up and confirmation of the redshifts of these dusty
galaxies is high priority, but will be very challenging.
To conclude, we now have access to all galaxy stellar
population types at z = 3 − 4: from the least obscured
Lyman break galaxies to heavily obscured galaxies, as
well as quiescent galaxies. By linking these galaxy pop-
ulations to massive galaxies at lower redshifts we will
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be able to develop a more complete picture of massive
galaxy formation over the past 12 billion years.
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